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Introduction

Oil crops are those that accumulate triacylglycerols (TAGs) in their seeds or fruits. TAGs are made up of esters of fatty acids and glycerol, such that their physicochemical properties are derived from their fatty acid composition and to a lesser extent, on their distribution within the glycerol backbone. The main oil crops worldwide are palm oil, soybean, rapeseed and sunflower [START_REF] Sharma | Production and trade of major world oil crops[END_REF], although the introduction of alternative crops could represent an advantage in oil seed crop biotechnology. Among them, Camelina sativa (camelina henceforth), an herbaceous plant belonging to the Brassicaceae family, has generated significant interest [START_REF] Vollmann | Agronomic evaluation of camelina genotypes selected for seed quality characteristics[END_REF]. This plant has been used as an oil crop from antiquity to the mid-19 th century when it was replaced by more productive plant species. From the point of view of plant biotechnology, the interest in this plant comes from the simple transformation protocols that can be used, based on floral dipping, and its similarity with the model plant Arabidopsis thaliana, to which it is closely related (Berti et al., 2016). Moreover, camelina is a plant with a short life cycle, it is not demanding in terms of soil and water, and it can be alternated with other crops without altering food production [START_REF] Zanetti | Agronomic performance and seed quality attributes of Camelina (Camelina sativa L. crantz) in multi-environment trials across Europe and Canada[END_REF].

The seeds of camelina are rich in oil (Rodriguez-Rodriguez et al., 2013). This oil is rich in the polyunsaturated linoleic and linolenic fatty acids, which account for up to 55 % of the total oil fatty acids, as well as in very long chain fatty acids (VLCFAs) like gondoic and erucic acid. There is a large amount of transcriptomic and genomic data available from this species that have made of it one of the preferred platforms for the production of new specialty oils [START_REF] Nguyen | Camelina seed transcriptome: a tool for meal and oil improvement and translational research[END_REF][START_REF] Kagale | The emerging biofuel crop Camelina sativa retains a highly undifferentiated hexaploid genome structure[END_REF]. Thus, the good oil yield and agronomic performance of this plant made it the species of choice for the production of biofuels at the beginning of this century [START_REF] Fröhlich | Evaluation of Camelina sativa oil as a feedstock for biodiesel production[END_REF][START_REF] Iskandarov | Camelina: an emerging oilseed platform for advanced biofuels and bio-based materials[END_REF]. Shortly afterwards, the floral dipping transformation protocol was optimized [START_REF] Lu | Generation of transgenic plants of a potential oilseed crop Camelina sativa by Agrobacterium-mediated transformation[END_REF], opening the possibility of producing oils with altered fatty acid compositions in this plant. Since then, the lipid metabolism of camelina has been engineered to produce a large variety of oils with different compositions and properties. This involved the suppression or knock-in of endogenous desaturases or elongases, the production of unusual fatty acids through the expression of exogenous hydroxylases and the regulation of the content of saturated fatty acids by manipulating the levels/activity of FatB type acyl-ACP thioesterases. All these modifications were recently reviewed by [START_REF] Yuan | Metabolic engineering a model oilseed Camelina sativa for the sustainable production of high-value designed oils[END_REF]. Camelina has also been engineered with gene clusters that allowed the accumulation in its seeds of lipids requiring several successive enzymatic steps for their synthesis. An example of this is the production of acetyl-TAGs [START_REF] Liu | Metabolic engineering of oilseed crops to produce high levels of novel acetyl glyceride oils with reduced viscosity, freezing point and calorific value[END_REF]Bansal et al., 2016), wax esters [START_REF] Iven | Synthesis of oleyl oleate wax esters in Arabidopsis thaliana and Camelina sativa seed oil[END_REF]Ruiz-López et al., 2017) and polyunsaturated fatty acids [START_REF] Petrie | Metabolic engineering Camelina sativa with fish oil-like levels of DHA[END_REF][START_REF] Usher | Field trial evaluation of the accumulation of omega-3 long chain polyunsaturated fatty acids in transgenic Camelina sativa: making fish oil substitutes in plants[END_REF].

Oilseed enriched in palmitoleic acid (a ω -7 fatty acid) could also be of biotechnological interest. This fatty acid is present in some non-commercial plants like Doxhantha unguis-cati, Dolixandra unguis-cati or Hippophae, and in nuts like Macadamia integriflora [START_REF] Gunstone | The lipid handbook with CD-ROM[END_REF].

Amongst the ω-7 fatty acids, palmitoleic acid is that with more potential applications, for example as a base for biolubricants due its low melting point and high stability, and due to the good quality biodiesel that can be produced from it [START_REF] Knothe | A comprehensive evaluation of the melting points of fatty acids and esters determined by differential scanning calorimetry[END_REF]. This fatty acid is usually produced by intraplastidial acyl-ACP desaturases from palmityl-ACP. Another ω -7 fatty acid that is present in plants is asclepic (or cis-vaccenic) acid 18:1 11 , resulting from the elongation of palmitoleic acid by fatty acid synthases (FAS) or by the fatty acid elongases. The expression of an engineered stearoyl desaturase displaying more specificity towards 16:0-ACP in Arabidopsis thaliana fab1 mutant, deficient in β-ketoacyl-ACP synthase II, produced seeds containing 14% ω-7 fatty acids (Cahoon and Shanklin, 2000). Modifying the fatty acid synthetic pathways in that line by silencing KASII and the expression of fungal cytosolic acyl-CoA desaturases further increased the levels of ω-7 fatty acids in this plant to as high as 71% [START_REF] Nguyen | Metabolic engineering of seeds can achieve levels of ω-7 fatty acids comparable with the highest levels found in natural plant sources[END_REF]. This strategy of metabolic engineering, a strategy similar to that described in Arabidopsis, was applied to camelina to produce transgenic plants enriched up to 60-65 % in these ω-7 fatty acids [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF].

Here we set out to investigate the production of novel seed oils by camelina plants through the metabolic engineering of fatty acid synthetic pathways, paying special attention to the production of ω-7 fatty acids. Fatty acid synthesis in oilseeds involves the action of the FASIII, FASI and FASII complexes on acyl-ACP derivatives to produce the oil chains. Most of the stearoyl-ACP produced by FAS is desaturated by stearoyl-ACP desaturase (SAD), producing oleoyl-ACP.

The C18 and C16 acyl-ACPs are then hydrolyzed by acyl-ACP thioesterases and exported out of plastids, oleic acid being the main product exported by camelina seed plastids. These fatty acids are re-activated to their corresponding acyl-CoAs and incorporated into glycerolipid synthetic pathways. Acyl chains can be incorporated into phosphatidylcholine (PC) though the acyl editing pathway and there oleate can be further desaturated to linoleate and linolenate by the reticular enzymes FAD2 and FAD3. There are also active acyl-CoA elongases in camelina that produce VLCFAs. Here, different tools were used to modify the fatty acid composition of camelina oil, including the generation of RNA interference (RNAi) hairpin constructs for camelina β-ketoacyl-ACP synthase II silencing and the overexpression of the camelina SAD (CsSAD) and different alleles of FatA thioesterases from sunflower. By combining the expression of these genes in camelina, different fatty acid profiles were produced in the seeds of these plants that involved important increases in palmitic and or ω-7 fatty acids. The lipid fraction of these plants was extracted and different glycerolipid species, including TAGs, diacylglycerols (DAG), PC and phosphatidyl ethanolamine (PE) were characterized by ultra-high-performance liquid chromatography (UHPLC) coupled to Mass Spectrometry (MS). The alterations to lipid metabolism in these lines is discussed based on their lipid profiles. Moreover, the melting and crystallization profiles of these oils were studied by differential scanning calorimetry (DSC) to assess how these changes affected their physical properties. The potential applications of the resulting oils are also considered.

Materials and methods

Biological material

The camelina CAS-CS0 line from the Andalusian Seed Collection (CAS) that was available at the Instituto de la Grasa (CSIC) was used in this work. Seeds were germinated in hotbeds and then transferred to 2 Kg turf pots previously disinfected with Previcur-N (Bayern, Germany).

Germination was carried out for 3 to 4 days in the dark at 4 C with high levels of humidity. The plants were grown in growth chamber on 16/8 hour day/night cycles at 20/22 C, with the relative humidity maintained between 40 and 50%, and with a light intensity of 200 µE/m 2 s. The plants were watered twice weekly until 60 to 70 days after germination in the phase of seed desiccation. The Agrobacterium tumefaciens strain used for transformation was GV3101/pMP90 (Invitrogen, USA).

Transformation vectors and constructs

The vectors used here for camelina transformation were pKMS3-glycinin and pBinGlyRedDS33 [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF], a plant primary vector that allows the in-phase production of constructs flanked by the glycinin promoter and terminator that is specific for expression in seeds. This vector was also endowed with the pUC and f1(+) replication origins, resistance to ampicillin and regulation through LAC promoter. The pBinGlyRedDS3 is a binary vector that allows the transfer of up to 3 genes along with the DSRed marker gene used to select the transgenic seeds. The vector also possesses two replication origins: the Bom site of the pBR322 plasmid that allows large numbers of copies to be produced in E. coli; and the STA region of the pVSI plasmid that confers stability and favors replication in A. tumefaciens. The T-DNA that this vector transfers contains two restriction sites that allows two complete gene cassettes to be cloned. The DSRed marker protein was under the control of the strong cassava mosaic virus promoter and the nopaline synthase terminator. The genes used for transformation were regulated through the glycinin promoter and terminator, and specifically expressed in seeds.

Both plasmids were kindly supplied by Prof. Edgar Cahoon from University of Nebraska.

The genes for CsSAD and the two alleles of H. annuus FatA thioesterase used in this work were available at the Genetics and Biochemistry of Seeds Group at the "Institute de la Grasa".

The FatA alleles corresponded to wild type FatA from sunflower (HaFatA) and the improved HaFatAQ215W allele [START_REF] Moreno-Pérez | Effect of a mutagenized acyl-ACP thioesterase FATA allele from sunflower with improved activity in tobacco leaves and Arabidopsis seeds[END_REF]. Those genes were amplified using oligonucleotides with NotI sites at both ends (Supplementary material Table S1), sites that were used to clone them into the pKMS3-glycinin vector. To clone into pBinGlyRedDS3 the constructs were digested with AscI to release the ProGly-CsSAD-TTGly, ProGly-HaFatAwt-TTGly or ProGly-HaFatAQ215W-TTGly cassettes, which were then ligated with the linearized and dephosphorylated vector to produce the pBinGlyRedDS3::CsSAD; pBinGlyRedDS3::HaFatAwt to [START_REF] Mattanovich | Efficient transformation of Agrobacterium spp. by electroporation[END_REF].

(Figure 1)

Transformation of camelina plants

Stationary Agrobacterium cultures were prepared by inoculating 5 mL of YEP broth supplemented with 50 mg/L kanamycin and growing them overnight at 28 C. This culture was used to inoculate 500 mL of YEP/kanamycin broth and it was allowed to grow for 24-48h at 28

C with shaking. The bacteria were then harvested by centrifugation at 6000 rpm for 10 min and resuspended in 0.5 L of infiltration solution (MS medium, 30 g/L sucrose, 100 μM acetosyringone). The camelina plants were grown in individual pots as indicated above and when they reach the early stage of flowering, the aerial part of the plant was dipped in the A.

tumefaciens suspension in a 310 mm high vacuum chamber (Bel-Art, USA) and the plants were kept at a pressure of 85 kPa for 5 min. Subsequently, the plants were covered with black plastic bags for 16-24 h, they were then returned to growth chamber and the seeds were left to mature.

The seeds were harvested from these plants and referred to as the T0 generation.

Each transformation event involved the independent agroinfiltration of 12 to 18 camelina plants with one of the six constructs used in this work. The transformants were selected by illuminating seeds with a green led lantern (Streamlight Flashlights, http://www.opticsplanet.net) and the transgenic seeds of the T0 generation producing red fluorescence were readily identified using a red filter (Kodak, USA). Transgenic seeds were grown in chambers to T4 or T5, favoring self-pollination and stabilization of the phenotype.

Fatty acid composition

The fatty acid composition was determined by gas-liquid chromatography (GLC) of the corresponding fatty acid methyl esters (FAMEs). Seed lipids were transmethylated by treating 5

to 30 camelina seeds with 2 mL of methanol/toluene/H2SO4 (88:10:2, v/v/v) for 90 min at 80 C.

The FAMEs were extracted with heptane (3 mL) for GLC analysis on an Agilent 6890 (Palo Alto, USA) system with a Supelco SP-2380 column (30 m x 0.25 mm, 0.2 µm liquid phase: Bellefonte, USA). The carrier gas was hydrogen, employed at a flow rate of 40 mL/min and with a split ratio of 20:1. The column was kept at 180 C and a ramp of pressure from 80 to 100 kPa was applied at a rate of 10 kPa/min. The injector and detector were kept at 200 and 220 C, respectively, and the peaks were identified by comparing the retention times with commercial standards.

Lipidomic analysis

The lipidomic analysis of camelina seeds was carried out on the total lipids extracted according to Bligh and Dyer (1959) with minor modifications. Seeds (20 mg) were crushed in a screw-capped tube and the lipids were extracted in a volume of 1 mL chloroform/methanol

(2:1), 0.2 g/L BHT and 0.4 mL water. The tubes were then centrifuged at 15,000 rpm for 5 min at 4 °C and the lower phase was transferred to clean tubes. The upper phase was again extracted with the same solvent, and the lower phases containing the lipids were combined, evaporated under nitrogen and dissolved in 0.2 mL 2-propanol. Lipid extracts were diluted 4-fold and subjected to a lipidomic analysis. The analysis was performed on a UHPLC system coupled to quadrupole-time of flight (QToF) mass spectrometer (LC-HRMS2), according to [START_REF] Ulmer | A robust lipidomics workflow for mammalian cells, plasma and tissue using Liquid-Chromatography High-Resolution Tandem Mass Spectrometry[END_REF].

The lipids were separated on a C18 Hypersil Gold column (100 × 2.1 mm, 1.9 μm:

Thermofisher) applying a gradient of 10 mM ammonium formate and 0.1% formic acid in ACN/H2O (60:40, v/v -solvent A), and 10 mM ammonium formate and 0.1% formic acid in 2propanol/ACN/H20 (90:8:2, v/v/v -solvent B) on an HPLC 1290 system (Agilent Technologies).

The separation system was coupled to an Agilent 6538 hybrid QToF high definition mass spectrometer (Agilent Technologies) with a dual source electrospray ionization. The method of separation and data processing was the same reported by [START_REF] Martins-Noguerol | Impact of sunflower (Helianthus annuus L.) plastidial lipoyl synthases genes expression in glycerolipids composition of transgenic Arabidopsis plants[END_REF].

Thermal analysis by differential scan calorimetry (DSC)

Seed oil was extracted using the method reported by [START_REF] Hara | Lipid extraction of tissues with a low-toxicity solvent[END_REF]. Then the solvent was removed under nitrogen, first by passing a continuous flow of the gas through the headspace and later by bubbling nitrogen into the oil at 60 C for 24h. Thermal analysis of the different oils obtained in this work was carried out in a Q2000 V23.5 calorimeter endowed with a RCS90 refrigerator (TA Instruments, USA) and using N2 as the purging gas. The instrument was calibrated using indium, azobencene and undecane in the range of the working temperature.

The capsules were loaded with 6-10 mg of oil weighed using the empty capsule as a reference.

The temperature program applied to determine the melting profiles involved heating at a maximum rate at 80 C and maintaining that temperature for 5 min to destroy structure. The samples were then cooled down to -80 C at the maximum rate, where they were maintained for 20 min. The samples were then heated to 90 C at a rate of 5 C/min. For crystallization profiles, samples were heated to up to 80 C, maintaining that temperature for 5 min. Then, temperature was decreased at a rate of 5 C/min to a final temperature of -80 C. Results were processed using TA universal analysis V4.3A.

Statistical analysis

For statistical analysis of the differences in fatty acid and fatty acid class composition of the seeds of different camelina transformants OriginPro2020 software was used. Statistical significance was evaluated by one-way ANOVA followed by Tukey multiple comparisons posthoc test, p values of <0.05 were considered statistically significant.

Results and discussion

Fatty acid composition of camelina transformants

Oilseed biotechnology permits oils with new compositions and properties to be produced by altering different steps of fatty acid synthesis and TAG assembly. In the present work, we produced 6 camelina transgenic lines that express constructs altering different steps in fatty acid synthesis to produce oils with new properties, modifications that involved increases in the production of palmitic or ω-7 fatty acids.

Camelina oil from WT seeds is rich in unsaturated fatty acids, with the linoleic and linolenic acid content constituting each around 25% of the total fatty acids (Tables 1 and2), and with less monounsaturated oleate (14 %). The total VLCFA content was 23.7 %, with gondoic acid the most predominant VCLFA, accounting for 11 % of the total. This composition is similar to that reported previously [START_REF] Rodríguez-Rodríguez | Characterization of the morphological changes and fatty acid profile of developing Camelina sativa seeds[END_REF] and it makes camelina oil a good source of essential but easily oxidizable fatty acids, which limits its performance in applications involving high temperatures and exposure to air. Furthermore, the presence of VLCFAs makes the oil crystallize at higher temperatures, limiting its application when a liquid phase is necessary, as is the case of lubricants and hydraulic fluids. Camelina plants were transformed with different genes involved in fatty acid synthesis, all of which were regulated by seed specific promoters and that caused important variations in Camelina oil fatty acid composition.

(Table 1, Table 2)

The expression of the hpKASII construct did not provoke changes in the seed oil content but it did induce a significant increase in the accumulation of palmitic acid, which rose from 7.5 % to 22.4 % (Table 1). This increase in palmitic acid induced a parallel raise in ω-7 fatty acids derived from palmitate desaturation, such as palmitoleic and asclepic acids, as well as a decrease in stearate, oleate and linoleate. Linolenic acid increased significantly, in this case from 23.8 to 30.8 %. In terms of VLCFAs, there was a decrease in those derived from ω-9 fatty acid elongation, like gondoic and erucic acids, and an increase of the ω-7 20:1 derived from the elongation of asclepic acid (Table 1). The hairpin construct induced the accumulation of saturated palmitate and a modest increase in ω-7 fatty acids (Tables 1 and2). The decrease in KAS II transcripts interrupts the elongation of C16 to C18 derivatives by the FASII complex and the accumulation of 16:0 fatty acids. The decrease in the oleate available for the synthesis of PUFAs and gondoic acid resulted in fewer of these fatty acids in this transformant. This result was expected and similar to other oilseeds when analogous hairpin constructs are expressed, such as in Arabidopsis [START_REF] Nguyen | Altering Arabidopsis oilseed composition by a combined antisense-hairpin RNAi gene suppression Approach[END_REF] or cotton [START_REF] Liu | Genetic enhancement of palmitic acid accumulation in cotton seed oil through RNAi down-regulation of ghKAS 2 encoding β-ketoacyl-ACP synthase II (KASII)[END_REF]. In camelina, a hairpin directed towards KASII was expressed to modify seed metabolism in order to produce ω-7 fatty acids [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF]. The silencing of KASII interrupted the elongation of palmityl-ACP, allowing its desaturation and accumulation as palmitic and palmitoleic acids. Nevertheless, the absence of additional desaturating activity led to the high palmitic phenotype. The increase of palmitic acid was associated with a decrease in the C18 fatty acid precursors of PUFAs and VLCFAs, which caused a significant decrease in the proportion of these fatty acid families in the high palmitic lines (Table 2).

The combined expression of the hpKASII construct and the CsSAD stearate desaturase from camelina caused the most important changes in oil composition of the transformants characterized here. This transformant had high levels of palmitoleic and asclepic acid, with a total ω-7 fatty acid content of 44.3 %, at the expense of ω-9 unsaturated, PUFAs and VLCFAs.

This transformant also displayed a significant increase of the levels of palmitate than the WT plants (Tables 1 and2). This line showed other interesting aspects in terms of its fatty acid composition, like the predominance of asclepic acid over oleic acid (24.1 % versus 3 %), and the lower levels of PUFAs and VLCFAs. These traits come from the high specificity of reticular desaturases and elongases towards oleate, which is by far their preferred substrate rather than asclepic acid. Thus, most of the oleate exported from plastids was desaturated to linoleic and linolenic acid (22.9%), whereas the asclepic acid still accumulated to levels close to 30%. The rates of C18 fatty acid elongation were also altered by the predominance of ω-7 fatty acids and thus, the levels of VLFAs decreased significantly (Table 2), although some derivatives of asclepic acid elongation were detected in appreciable amounts (3.9 % of 20:1 13 ). This transformant showed that enhanced endogenous CsSAD expression provoked an important increase in the desaturated 16:0-ACP accumulated within the plastids due to CsKASII suppression. The palmitoleate produced was exported from the plastids and incorporated into TAGs. The high percentage of palmitoleate elongation to asclepic acid indicated that the remaining KAS II activity has the capacity to elongate 16:1-ACP at a very appreciable rate. The composition of the high palmitoleic line was consistent with a previous study [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF], yet here a camelina line was characterized expressing a hairpin for KASII and 2 recombinant desaturases, an engineered SAD and an acyl-CoA desaturase. In this case, the level of ω-7 fatty acids reached 60-65%, showing again that the production of ω-7 fatty acids was very dependent on increasing the rates of intraplastidial desaturation.

Moreover, the effect of the thioesterase alleles on saturated and ω-7-fatty acid accumulation was studied by producing transformants expressing hpKASII, cKASII::CsSAD plus the corresponding thioesterase genes, all regulated by the same seed specific promoter.

Sunflower FatA thioesterase, HaFatAwt, is an enzyme with high catalytic efficiency towards 18:1-ACP and 16:1-ACP [START_REF] Moreno-Pérez | Effect of a mutagenized acyl-ACP thioesterase FATA allele from sunflower with improved activity in tobacco leaves and Arabidopsis seeds[END_REF]. This enzyme was more efficient to export monoenes than those from other oil crops like Arabidopsis, castor oil plants, macadamia or camelina [START_REF] Salas | Characterization of substrate specificity of plant FatA and FatB acyl-ACP thioesterases[END_REF][START_REF] Rodríguez-Rodríguez | Characterization of soluble acyl-ACP desaturases from Camelina sativa, Macadamia tetraphylla and Dolichandra unguis-cati[END_REF][START_REF] Sánchez-García | Acyl-ACP thioesterases from castor (Ricinus communis L.): an enzymatic system appropriate for high rates of oil synthesis and accumulation[END_REF]. Moreover, HaFatA was later modified by site-directed mutagenesis to produce an improved HaFatAQ215W allele that displays similar catalytic efficiency but higher Vmax values [START_REF] Moreno-Pérez | Effect of a mutagenized acyl-ACP thioesterase FATA allele from sunflower with improved activity in tobacco leaves and Arabidopsis seeds[END_REF]. The expression of the HaFatA together with hpKASII did not induce remarkable changes in the seed phenotype in the HaFatAwt transformants beyond a slight increase in oleic and stearic acid, while the content of palmitate remained around 22% (Table 1). However, the expression of the improved HaFatAQ215W allele induced an important increase in the accumulation of palmitate, which increased from 22.4 to 31.8%. This line experienced an important increase in the other saturated fatty acids, such as stearate and arachidate, producing significant increase in the total saturated fatty acids from 29.6% to 44.7%

(Tables 1 and2). The main saturated fatty acid accumulated in these lines was palmitic acid, although the thioesterase expression contributed to important increases in other acyl species like stearic or arachidic acid.

Here we studied the possibility of increasing the content of ω-7 fatty acids by expressing FatA thioesterases with higher catalytic efficiency towards 16:1-ACP [START_REF] Moreno-Pérez | Effect of a mutagenized acyl-ACP thioesterase FATA allele from sunflower with improved activity in tobacco leaves and Arabidopsis seeds[END_REF].

However, results indicate that the expression of the thioesterases reverts the high palmitoleic phenotype to high palmitic acid content in both cases (Tables 1 and2), resulting in seeds with slightly lower levels of palmitate than hpKASII seeds and with levels of ω-7 fatty acids around 9 %, yielding seeds that were referred to as mid-palmitoleic. Resulting lines were similar to those obtained when only the CsKASII hairpin construct was expressed but producing slightly higher levels of ω-7 fatty acids, around 10%. This result indicates that these enzymes act by hydrolyzing the 16:0-ACP intermediates, hindering the intraplastidial accumulation of this metabolite that seems to be necessary for the SAD desaturases to produce 16:1-ACP. This result suggests the use of thioesterases to increase the production of specialized unsaturated fatty acids is limited by the specificity of those enzymes. Moreover, this also indicates that the extra thioesterase activity contributes mainly to the plastidial export of saturated fatty acid, and that the rates of export of oleate and palmitoleate are close to a maximum with endogenous thioesterases. Thus, the residual activity displayed towards saturated derivatives may be sufficient to compete with plastidial desaturases, preventing their action and producing a high saturated phenotype.

among the camelina plants produced here. Indeed, it was remarkable that there were no significant differences in the oil accumulated by these transformants relative to the WT control, which was around 30% (w/w). This suggests camelina seeds can support important changes in their fatty acid composition despite quantitative alterations to the mechanism of TAG synthesis and accumulation. This contrasts with other oil seed mutants, like high palmitoleic sunflower mutants in which the phenotype appears at the expense of reduced accumulation of oil [START_REF] Salas | Biochemical characterization of a highpalmitoleic acid Helianthus annuus mutant[END_REF]. Camelina has demonstrated significant plasticity in the accumulation of TAGs with quite distinct fatty acid compositions.

Lipid profiling

Due to their fatty acid composition, determining the TAG composition of camelina seeds cannot be achieved by conventional GC or HPLC techniques and they must be characterized by more refined techniques like UHPLC/MS/MS. As the population of TAG species for WT camelina is large and complex, the 30 most abundant species were considered, which embraces the TAGs that constitute at least 1% of the total composition (Fig. 2). The numbers identifying the different glycerolipids corresponded to the abbreviated form to name them in mass spectroscopy. The first number states the total number of carbons of the fatty acids it has esterified. The second number corresponded to the total number of unsaturations (i.e. 56:6). Thus, each annotation is ambiguous and could correspond to several TAG species. The name of each species indicated is the most probable or abundant based on the fatty acid composition, calculated using the sn-1,3 random sn-2 unsaturated Van der Wal calculations (1955). WT camelina seeds contained a wide variety of TAG species, predominantly containing VLCFAs and PUFAs like 56:6 (GLLn), 56:7

(GLnLn) and 56:5 (GLL), all derivatives of linoleic, linolenic and gondoic acids (Fig. 2), and accounting for about 20% of the total TAGs (see nomenclature for these species in the figures legends). The species containing PUFAs and palmitic, oleic and erucic acid conformed a second group that accounted for approximately 55% of the species. The remaining TAG species were made up of a wide variety of different species, each one making up less than the 3% of the total.

The WT camelina had the expected composition, with the relative abundance of species reflecting their most abundant PUFAs and VLCFAs, distributed without any clear pattern and producing a variety of species where none of them predominate. The most abundant species in this line barely reached 7% of the total TAGs.

(Figure 2)

The plants transformed with hpKASII had a lipid profile in which the predominant species contained palmitic acid, combined with polyunsaturated fatty acids and gondoic acid. Thus, 50:3 (PLnP), 50:2 (PLP), 54:3 (PGL) and (PGLn) were the most abundant species, accounting for up to 27% of the total TAGs (Fig. 2). In a second step, different combinations of those fatty acids appeared, with the presence of oleic and erucic acid, followed by minor species, resulting in different fatty acid combinations in this oil. It was notable that no trisaturated species of the PPP type appeared in the profiles, indicating that the incorporation of saturated fatty acids into the sn-2 position was impeded in camelina, as in most oilseeds, and that the Van der Wall approximation was valid for the TAG species calculations.

The expression of CsSAD (hpKASII::CsSAD line) boosted the production of ω-7 fatty acids.

The most abundant species were 52:5 (PoLL), 52:3 (PoAsAs) and 50:3 (PPoL), all containing ω-7 fatty acids, palmitoleic or asclepic acids (Fig. 2). The species containing ω-7 fatty acids and PUFAs predominate in this line, without any clear distribution, indicating that these fatty acids are incorporated into the 3 position of camelina TAGs without any apparent metabolic limitation.

Thus, species with three ω-7 fatty acids like PoPoPo or PoPoAs were present in the expected proportions. The carbon number of TAGs was generally lower in hpKASII::CsSAD line due to the lower VLCFA content of the oil.

The simultaneous expression of the HaFatA thioesterase and hpKASII construct did not have a strong impact on the TAG compositions. As such, the main species in the hpKASII::HaFatAwt transformant were essentially the same as those found in the hpKASII transformant (Fig. 2), with only minor variations in the distribution of the TAG species detected.

This contrasted with the important changes induced by HaFatAwt in the hpKASII::CsSAD::HaFatAwt line, where the predominant species were more similar to those found in a high palmitic line, 50:3 (PLnP), 54:4 (PGLn), 52:6 (PLnLn) and 50:2 (PLP), with much fewer TAGs containing ω-7 moieties.

The DAG profiling of the seed lines studied showed that the predominant DAG species in WT camelina were those conformed by linoleic and linolenic acids (36:5 LLn, 36:6 LnLn and 36:4 LL), accounting for more than 55% of the total DAG (Fig. 3). The next most prominent species contained VLCFAs, and they were 38:4 (GLn) and 38:3 (GL) at 11% and 7 %, respectively.

Expression of the hpKASII construct induced an important increase in species containing palmitate, 34:3 (PLn) becoming the most abundant species in this line (22% of the total), which also contained remarkable proportions of 34:2 (PL, 13.5 %). The changes observed in the high palmitoleic line were more important as two forms of DAG were predominant in this line, 36:4 (LL) and 34:2 (PL/PoAs), accounting for more than 50% of the total DAG. Other species that constituted around 10% of the total, such as 36:6 (LnLn), 36:2 (AsAs), 34:3 (PoL/PLn) and 36:5 (LLn). The expression of HaFatAwt thioesterase did not significantly alter the DAG profile of the hpKASII line in the double transformant, which had the same predominant DAG species (Fig. 3).

The expression of the thioesterase in the high palmitoleic line had an important effect on the DAG composition, which was similar to that in high palmitic lines with 34:3, 34:2 36:5, 36:6 and 36:4 as the predominant species (Fig. 3). DAG is the most direct precursor of TAGs in lipid synthesis, and the size and composition of these pools could point to features of the enzymatic machinery involved in this process in camelina. In this regard, WT camelina contains DAG species mainly conformed by PUFAs and gondoic acid, and to a lesser extent species containing palmitic and oleic acid. The high palmitic line that expresses the hpKASII construct has the same species, with a relevant increase in species like PLn or PL that contain palmitic acid. The impact of the high palmitoleic phenotype on the DAG fraction was more difficult to evaluate as some species like 34:2 or 34:3 (PoAs or PoL) that contain ω-7 fatty acids could not be distinguished from other abundant species likes PL or PLn. Nevertheless, the DAG fraction was not enriched in palmitoleic acid, which indicates this is preferentially incorporated through the last step of acylation catalyzed by phospholipid:diacylglycerol acyltransferase (PDAT) or diacylglycerol:acyl-CoA acyltransferase (DGAT).

(Figure 3)

The polar lipid species of PC (Fig. 4) and phosphatidyl ethanolamine (PE) (Fig. 5) were also analyzed. The PC species in WT camelina were those predominantly containing PUFAs and palmitic acid, with 36:4 (LL), 36:5 (LLn), 34:2 (PL) the most abundant and accounting for about 55% of the total PC species detected (Fig. 5). At a second level we detected 36:3 (OL), 34:3 (PLn)

and 36:6 (LnLn), with the remaining species remaining below the 5% of the total. Thus, the WT plant displayed PC species in which combinations of PUFAs, and PUFAs and palmitic acid predominate. The proportion of species containing VLCFAs was significantly lower than in TAGs, suggesting that these are excluded from the membranes and are incorporated into TAGs through the de novo glycerolipid synthesis pathway (acylation of glycerol-3-phosphate) or via DGAT from the DAG derived from PC. This is consistent with the strong representation of species containing VLCFAs in the DAG fraction. The exclusion of VLCFAs from PC was probably due to the enzymes involved in the acyl editing pathway. In this regard, camelina lysophospholipid:acyl-CoA acyltransferase displayed very low activity towards VLCFA acyl-CoAs [START_REF] Klińska | Acyl-CoA: lysophosphatidylcholine acyltransferases (LPCATs) of Camelina sativa seeds: biochemical properties and function[END_REF], which would explain their exclusion from PC species. The predominance of species combining palmitic acid with linoleic and linolenic (34:2 PL and 34:3 PLn) in the high palmitic hpKASII transformant was coherent with the phenotype and their distribution observed in the WT seeds.

The suppression of KASII made 34:3 (PLn) and 34:2 (PL) the most abundant PC species, accounting for 48% of the total and relegating the species containing PUFAs to a second level (Fig. 4). The minor species were essentially those found in the WT seeds. In the high ω-7 line that expressed hpKASII and CsSAD the predominant species were 34:2, which corresponded to the sum of PL, PoO and PoAs, this last species probably being the predominant one based on the fatty acid composition of the oil (Table 1). The second most prominent species was 36:4 (LL), followed by PCs containing ω-7 moieties, 36:2 (AsAs), 32:1 (PPo), 34:4 (PoLn) or 36:3 (AsL -Fig. 4). The species containing PUFAs constituted less than 5% of the total. The PC pool in this transformant displayed a high proportion of species containing palmitoleic acid. Although the exact quantification of some species cannot be performed due to ambiguity in their identification, some of them can be unequivocally identified, like 32:1 (PPo), 34:4 (PoLn) or 32:2 (PoPo). These species were found in appreciable amounts in the PC pool (9%, 8% and 6%, respectively) but not as DAG species. This indicates that these fatty acids are easily incorporated into PC through the acyl editing pathway and that they can probably be incorporated into TAGs through the translocation of DAG from PC followed by acylation by DGAT or PDAT, the opposite path to that observed for VLCFAs. The PC composition of the other transformants was similar to that of the high palmitic hpKASII, not providing any further information about TAG synthesis in camelina. Furthermore, the expression of HaFatAwt in the hpKASII line did not substantially modify the PC species (Fig. 4), whereas the profile of the high ω-7 line became more similar to that of the high palmitic line, with a preponderance of species combining palmitic acid and polyunsaturated moieties.

(Figure 4)

The study of these molecular species was completed with the characterization of the PE in camelina seeds, the second most abundant phospholipid after PC. Fewer components contributed to the molecular species corresponding to PE (Fig. 5). WT camelina seed PEs were made up of species based on PUFAs, and oleic and palmitic acids, with those formed by the 36:4

(LL) and 36:5 (LLn) PUFAs the most abundant, followed by those formed by palmitic acid and a polyunsaturated moiety (34:2 PL or 34:3 PLn, Fig. 5) as in PC. This pattern points to PE synthesis through an acyl editing mechanism with a specificity similar to that in PC. The other species resulting from the combination of the aforementioned fatty acids were present in lower proportions. The variety of PC species was not observed among the PE species, which could reflect the lower proportion of PE and the lack of sensitivity of the method employed. Silencing of KASII did not significantly alter the composition of PE species, with only a slight increase in the palmitic containing species like 34:3 (PLn) or 34:2 (PL). The expression of CsSAD did not have a clear effect on the PE species, which remained similar in the hpKASII and hpKASII::CsSAD transformants. The lines expressing HaFatAwt (hpKASII::HaFatAwt and hpKASII::CsSAD::

HaFatAwt) displayed clearer changes in their PE species composition, the most important being the increase in species containing palmitic acid, whereby 34:2 (PL) and 34:3 (PLn) became the most abundant species in both cases, displacing those conformed by PUFAs (Fig. 5). Thus, the high ω-7 lines, which did not incorporate palmitoleic acid to the same extent as PC, restricting the incorporation of ω-7 fatty acids. Nevertheless, the ambiguity regarding the assignation of some lipid species makes it more difficult to reach clear conclusions in this regard.

(Figure 5)

DSC Melting and crystallization profiles of camelina oils

The oils extracted from the different transgenic camelina seeds were studied by DSC, which involved running melting and crystallization trials in which the heat flow was recorded to detect the changes in the physical properties of the oils induced by the fatty acid modifications. The melting curves of some of the oils obtained are shown in Fig. 6. The oils from WT camelina seeds had a curve with a melting interval of 61 C starting at -53 C and finishing at 7.65 C, and with a melting enthalpy of 42.5 J/g, with a melting peak at -9 C (Table 3) that probably corresponds to TAGs carrying monounsaturated fatty acids (MUFAs). A wider peak also appeared in the region below -12 C, corresponding to TAGs carrying PUFAs. The expression of the CsKASII hairpin increased the melting interval (-53.4 to 18.6), with a wide peak appearing from 15 to -15 C, corresponding to TAGs containing palmitic acid and with an important increase in the melting enthalpy up to 52.5 J/g (Table 3).

(Figure 6, Table 3)

The co-expression of CsSAD with hpKASII provoked important changes in the melting curve that shifted considerably to lower temperatures, with a shortening of the melting interval to 57.3 C (-51.4 to 5.9 C). The melting enthalpy remained similar to that of the hairpin transformant, such that the phase change produced a pronounced peak with a Tm at -21 C, corresponding to TAGs containing PUFAs and palmitoleic acid, a monounsaturated ω-7 fatty acid with a melting point lower than oleic acid (-0.1 C versus 15 C). The melting interval of this oil was similar to that displayed by the oil enriched in ω-7 fatty acids by [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF], which displayed a melting profile with two peaks at -10.3 and -25.5 C and a similar range of temperature for the phase transition. This result indicates that this oil was liquid at a very low temperatures, which could be of interest for certain applications requiring a liquid, biodegradable, oil phase in such conditions. The expression of sunflower thioesterases in camelina plants did not strongly alter the melting curves, although they had broader melting intervals and a higher Toff. The overexpression of these thioesterases on a high palmitoleic background induced important modifications to the melting profile, with the curves resonating between high palmitic and high palmitoleic lines (Fig. 5 and Table 3), indicating that small amounts of palmitoleic acid can significantly alter the physical properties of vegetable oils. With regards to the crystallization curves, the modifications of the oils considerably altered the onset of crystallization, the most determinant parameter in the crystallization (Fig. 7 and Table 3). Crystallization of the WT oil began at -11.1 C and the expression of hpKASII increased the onset to -2.3 C, whereas the high palmitoleic line had a lower onset at -15.3 C. The expression of heterologous thioesterases increased the crystallization onset of the high palmitic phenotype by around 1 to 2 C, whereas this increase in onset was even more important in the high palmitoleic line, ranging between -3.9 to -4.9 C (Table 3). No important differences were caused by HaFatAWT or HaFatAQ215W.

The high ω-7 line displayed the lowest onset of crystallization onset of the oils studied, with a value of -15.3, with a large signal around -55 C, corresponding probably to the crystallization of TAGs containing PUFAs and palmitoleic acid. This line contains high levels of saturated fatty acids but the presence of palmitoleic acid decreased the melting point of their TAGs, decreasing the onset of crystallization temperature. Besides, the onset temperature of this oil was higher than that reported for the high palmitoleic oil reported by [START_REF] Nguyen | Redirection of metabolic flux for high levels of omega-7 monounsaturated fatty acid accumulation in camelina seeds[END_REF], probably due to the lower content of palmitic acid of that oil (7.4 %). The expression of the FatA thioesterases produced oils with a higher onset of crystallization but not in the high palmitic transformant, probably due to the presence of more palmitoleic acid.

(Figure 7)

Conclusions

Camelina plants transformed with the hpKASII construct displayed a high ω-7 phenotype when the hairpin was accompanied by CsSAD overexpression. This indicates that the suppression of KASII induces an important accumulation of 16:0-ACP within the plastid that endogenous desaturases are not capable of processing. Moreover, the additional increase in this activity caused important increases in the desaturation of 16:0-ACP metabolite, which has consequences on the export and accumulation of palmitoleic acid and its ω-7 derivatives. The increase in FatA activity together with the suppression of KASII caused important increases in the accumulation of saturated fatty acids, stearic and arachidic acids, indicating that the FatA alleles expressed in camelina favor their export and that the specificity of these enzymes observed in vitro is not correlated with that observed in vivo in these transformants. This result was confirmed when FatA thioesterases were shown to revert the high palmitoleic phenotypes displayed by the hpKASII::CsSAD transformant to a high palmitic phenotype. The data shows that camelina displays plasticity and has an adaptive capacity in its TAG synthesis and metabolism was superior to other oil crops, with no significant oil loss in the mutants studied. Furthermore, seed lipidomics of the transformants produced interesting information about the mechanism of TAG synthesis in this species, indicating VLCFAS accumulate preferentially through the de novo TAG synthesis pathway that involves glycerol-3-phospate acylation, and ω-7 fatty acids accumulate preferentially through the acyl-editing pathway, with PC an important intermediate for their incorporation into TAGs. Finally, the physical properties of the oils obtained indicated that the modifications to the fatty acids experienced in the transformants induced important changes in the physical properties of the resulting oils.
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Oil content and fatty acid class composition of the seed oil from different camelina transformants studied here.

Camelina line

Composition (% w/w) Oil content (%) SFA ω9 ω7 ω6 ω3 MUFA PUFA VLCFA wt 27.2 ± 1.4 a 15.8 ± 1.4 a 29.7 ± 0.6 a 2.8 ± 0.3 a 26.7 ± 1.0 a 24.9 ± 0.2 a 32.5 ± 0.7 a 51.8 ± 1.0 a 23.7 ± 1.5 a cKASII-HP 27.8 ± 1.1 a 29.6 ± 0.3 b 15.5 ± 0.2 b 9.5 ± 0.1 b 10.5 ± 0.6 b 34.1 ± 0.1 b 25.0 ± 0.2 b 45.4 ± 0.6 b 26.7 ± 0.4 a cKASII-HP CsSADwt 30.3 ± 0.8 a 20.1 ± 1.5 a 4.7 ± 0.1 c 44.3 ± 1.9 c 4.4 ± 0.4 c 22.8 ± 0.1 c 49.0 ± 1.9 c 30.9 ± 0.5 c 4.8 ± 0.5 b cKASII-HP HaFatAwt 27.8 ± 3.2 a 33.1 ± 2.7 b 18.2 ± 1.0 b 7.5 ± 0.5b 13.6 ± 1.1 d 27.2 ± 0.0 a 25.7 ± 1.1 b 41.2 ± 1.1 b 23.6 ± 1.0 a cKASII-HP HaFatAQ215W 29.0 ± 3.1 a 44.7 ± 1.3 c 14.6 ± 0.8 b 3.6 ± 0.2 a 15.8 ± 1.0 d 21.1 ± 0.2 c 18.2 ± 0.9 d 37.1 ± 1.0 d 18.5 ± 1.3 c cKASII-HP CsSADwt HaFatAwt 26.0 ± 2.9 a 24.7 ± 6.8 ab 23.5 ± 3.3 d 9.2 ± 2.3 b 10.3 ± 1.6 b 31.8 ± 0.8 d 32.7 ± 4.0 a 42.6 ± 1.8 b 28.2 ± 4.5 a cKASII-HP CsSADwt HaFatAQ215W 28.7 ± 2.6 a 19.7 ± 0.8 a 23.9 ± 0.7 d 7.4 ± 0.2 b 11.8 ± 0.6 b 36.9 ± 0.1 b 31.2 ± 0.8 a 49.0 ± 0.7 a 27.6 ± 0.8 a Data corresponds to the average plus minus standard deviation of composition of the seeds from 3 to 5 plants coming from a single selected transformants with the characteristics fixed by self-crossing for at least 3 generations. Different letters indicate significant differences between treatments (Tukey's HSD after one-way ANOVA).

Table 3.

Parameters taken from the melting and crystallizing curves of the seed oils from the different camelina transformants studied here.

Camelina line Melting Melting Melting

Melting range Melting enthalpy Crystallization Ton (C) Toff (C) Tm (C) (C) (J/g) Ton (C) WT -53.5 ± 2.9 14.7 ± 0.1 -10.8 ± 0.5 68.3 42.5 ± 1.4 -11.1 ± 0.9 hpKASII -53.4 ± 1.9 18.6 ± 0.1 -4.3 ± 0.1 72.0 52.5 ± 6.1 -2.3 ± 0.0 hpKASII ::CsSAD -51.4 ± 0.2 5.9 ± 0.0 -21.4 ± 0.6 57.3 52.9 ± 4.1 -15.3 ± 0.4 hpKASII ::HaFatAwt -53.3 ± 0.2 24.5 ± 0.0 7.9 ± 0.1 77.8 50.8 ± 5.4 1.8 ± 0.0 hpKASII ::HaFatAQ215W -49.2 ± 1.2 17.7 ± 0.4 6.4 ± 0.3 66.9 52.5 ± 1.7 1.2 ± 0.0 hpKASII ::CsSAD::HaFatAwt -49.7 ± 0.0 10.6 ± 0.3 -5.1 ± 0.2 60.2 44.3 ± 4.4 -3.9 ± 0.0 hpKASII ::CsSAD::HaFatAQ215W -48.9 ± 0.8 14.7 ± 0.3 -6.1 ± 0.1 63.7 57.3 ± 2.7 -4.9 ± 0.0 Ton, onset temperature; Toff, offset temperature, Tm, melting point. Oil samples were extracted from the seeds produced by 3 to 5 plants with the characteristics fixed by self-crossing for 3 generations. The data represent the average ± standard deviation of 3 independent determinations. 
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 2 Fig. 2. Triacylglycerol (TAG) species composition of the different camelina transformants. The figure includes data from the wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD) and plants expressing those constructs together with the HaFatA thioesterase (hpKASII::HaFAtAwt and hpKASII::CsSAD::HaFatAwt). The assignation of the TAG species was tentative and based on the fatty acid composition of the total seed lipids. The data correspond to the average ± standard deviation of the seed TAG composition in 3 to 5 plants with the characteristics fixed after self-crossing for 3 generations.
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 3 Fig. 3. Diacylglycerol (DAG) species composition of the different camelina transformants. The figure included data from wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD), and plants expressing those constructs together with HaFatA thioesterase (hpKASII::HaFAtAwt and hpKASII::CsSAD::HaFatAwt). The assignation of the DAG species was tentative and based on the fatty acid composition of the total seed lipids. The data correspond to the average ± standard deviation of the seed composition in 3 to 5 plantswith the characteristics fixed after self-crossing for 3 generations. The species were named according to their abbreviated nomenclature and the most probable species were formulated assigning a letter to each fatty acid: P, palmitic (16:0); Po, palmitoleic (16:1 9 ); Pl, palmitolinoleic (16:2 9, 12 ), S, Stearic (18:0); O, oleic (18:1 9 ); As, asclepic (18:1 11 ); L, linoleic (18:2 9, 12 ); Ln, linolenic 18:3 9, 12, 15 ); A, arachidic (20:0); G, gondoic (20:1 11 ); B, behenic (22:0); E, erucic (22:1 13 ); and N, nervonic (24:1 15 ). The assignation is tentative and is based in the model reported by[START_REF] Van Der Wal | The triglyceride composition of natural fats[END_REF].
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 4 Fig. 4. Phosphatidyl choline (PC) species composition in the different camelina transformants. The figure includes data from wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD), and plants expressing those constructs together with HaFatA thioesterase (hpKASII::HaFAtAwt and hpKASII::CsSAD::HaFatAwt). The assignation of the PC species was tentative and based on the fatty acid composition of the total seed lipids.

Fig. 5 .

 5 Fig. 5. Phosphatidyl ethanolamine (PE) species composition of the different camelina transformants. The figure included data from the wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD), and the plants expressing those constructs together with HaFatA thioesterase (hpKASII::HaFAtAwt and hpKASII::CsSAD::HaFatAwt). The assignation of the PE species was tentative and based on the fatty acid composition of the total seed lipids. The data corresponds to the average ± standard deviation of the seeds from 3 to 5 plants with the characteristics fixed by self-crossing for 3

Fig. 6 .

 6 Fig. 6. Melting curves of the oils extracted from the different camelina transformants determined by differential scanning calorimetry (DSC). The figure includes data from the wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD), and the plants expressing those constructions together with HaFatA or HaFatAQ215W thioesterases (hpKASII::HaFAtAwt, hpKASII::HaFAtAQ215W, hpKASII::CsSAD::HaFatAwt and hpKASII::CsSAD::HaFatAQ215W).
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 7 Fig. 7. Crystallization curves of the oils extracted from the different camelina transformants determined by differential scanning calorimetry (DSC). The figure includes data from the wild type camelina (WT), the high palmitic transformant (hpKASII), the high ω-7 transformant (hpKASII::CsSAD), and the plants expressing those constructs together with HaFatA or HaFatAQ215W thioesterases (hpKASII::HaFAtAwt, hpKASII::HaFAtAQ215W, hpKASII::CsSAD::HaFatAwt and hpKASII::CsSAD::HaFatAQ215W).
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